INTRODUCTION
The populations in Europe and other wealthy parts of the world have better health now than ever before. 1 However, according to a recent WHO report, this promising development in health is threatened by an increase in lifestyle-related diseases. 1 Among children and adolescents, overweight, obesity and mental health problems contribute the greatest disease burden. 2 Children growing up in socioeconomically disadvantaged families have worse health than others in the short and the long term. 3 4 Overweight and obesity are
Strengths and limitations of this study
▪ This study protocol describes how we plan to investigate the effectiveness, costs and costeffectiveness of a universal health promotion intervention compared with care-as-usual, during pregnancy, delivery and the child's first 2 years of life. ▪ This is a register-based retrospective observational study that will use existing data sources, with respect to exposures and outcomes, to simulate an experiment by retrospectively identifying and comparing children and their parents in the intervention group and the nonintervention group, at two time measurement points. ▪ A major strength of this study is that the effectiveness of this universal health promotion programme will be observed in a real-world setting, thus increasing the external validity of the study results, and thereby increasing generalisability. ▪ A limitation of the study is that data on individual exposure to the Salut Programme are not available. An intention-to-treat approach is therefore used in the analysis, which implies a risk of underestimating the intervention effect.
common among expectant mothers, more so among the socioeconomically disadvantaged. 5 6 Being overweight or obese is strongly associated with adverse maternal outcomes, for example, hypertensive disorders, gestational diabetes mellitus, premature delivery, instrumental delivery and caesarean section. 7 8 Overweight mothers or with obesity have greater risk for adverse fetal/child outcomes such as malformations, spontaneous abortion, small-for-gestational age, large-for-gestational age, intrauterine fetal death, fetal distress and perinatal mortality and morbidity. 7 Moreover, maternal pre-pregnancy overweight is associated with later childhood overweight. 9 In Sweden, for example, already at 4 years of age, 17% of the boys and 22% of the girls are overweight, and at 15 years of age, about 60% of the girls and 40% of the boys report mental health problems. 10 Recognising a life course approach to health, that is, events during fetal life and childhood influence health later in life, implies that future adult health is also threatened. [11] [12] [13] The so-called 'fetal programming' is explained by stimulus or damages at a critical, sensitive period of early life, and has permanent effects on the structure, physiology and metabolism, and underlying adverse disease consequences in later life. 12 14 Notably, a 'healthy' parent-child relationship also reduces the risk of numerous health problems later in life. 15 It is also well known that lifestyle-dependent health problems are preventable, and interventions early in the life course may have the largest long-term impact. Therefore, costeffective health promotion and preventive interventions during pregnancy and early childhood are called for, but until now the research community has failed to provide credible evidence in favour of such investments. 16 A study by Robling et al 17 evaluated the effectiveness of a homevisiting intervention 'The Family Nurse Partnership' on infant and maternal outcomes. The intervention was added to the usual health and social services in England, delivered to teenage first-time mothers. The authors found no additional short-term health benefits, but stated the necessity for the programme's longer term evaluation.
In 2005, the health authorities of the County Council of Västerbotten initiated the Salut Programme. Since 2009/2010 it is a countywide ongoing universal health promotion intervention in a variety of sectors for parents and children 0-18 years, starting already during pregnancy. The Programme has been implemented since 2006 onwards, prompted by alarming reports of child overweight/obesity 18 19 and trends of increased dental caries, 20 already during preschool age. The Programme aims to support and strengthen initiated and ongoing health promotion interventions, and universal preventive interventions to improve health and lifestyle among expectant parents and children. One of the subaims of the Programme is that expectant mothers and new-borns are not affected by lifestyle complications during pregnancy and delivery, and that expectant mothers have a normal weight gain during pregnancy. The main focus areas are: to promote healthy eating habits, physical activity and good psychosocial health, and to prevent obesity and caries. In other words, the Programme combines both health promotion and universal prevention interventions in order to improve health and well-being, as well as to avoid ill health and disease for the whole population. 21 To achieve the aforementioned aims, the Salut Programme includes a package of interventions using a family-centred approach. The interventions are integrated within ordinary public services, as described in detail elsewhere 5 22 23 and briefly below. Programme development, implementation and dissemination have been carried out stepwise, with respect to geography, which facilitates evaluation efforts.
We hypothesise that parents and children exposed to the Salut Programme, in addition to care-as-usual, will have wide-ranging health gains, such as improved health and lifestyle, at a reasonable cost, which may result in less need for healthcare. This study protocol describes how we aim to investigate the effectiveness and costeffectiveness of the Programme compared with care-as-usual, over the periods of pregnancy, delivery and the child's first 2 years of life. We cannot differentiate the effects of different components of the Salut Programme, as this is a package of interventions aimed to tackle different aspects of the population's health and lifestyle.
The study is guided by the following research questions: 1. Does the Salut Programme improve maternal and child health? 2. What are the societal costs of the Salut Programme in terms of intervention costs and societal resource use? 3. Is the Salut Programme a cost-effective public health intervention?
METHODS
The study context Care-as-usual for expectant parents and preschool children in Sweden are tax funded hence free of charge for the public. During pregnancy, almost every woman (more than >99%) attends antenatal care on a regular basis, and likewise almost all preschool children and their accompanying parent attend child healthcare and dental care. Antenatal care is initiated early in pregnancy (around pregnancy week 10) and encompasses 7-9 check-ups during pregnancy, and 1 check-up postpartum. The midwife is responsible for maternal and fetal surveillance, including psychosocial and lifestyle counselling, and is supported by the doctor when needed. After the child is born, support is given through child healthcare with about 14 visits during the child's first 5½ years, and more often when needed. The child health nurse is responsible for health and development check-ups, immunisations, and psychosocial and lifestyle counselling. A doctor joins the nurse at four check-ups, usually at 6 weeks, 1½ years, 4 years and 5½ years, and more often when needed. Advice on teeth brushing twice a day is given early through child healthcare, and the first invitation to dental care for check-up and health promoting advice takes place when the child is 2-3 years of age. Open preschools, attended on a drop-in basis, serve as a complement to healthcare for children not yet enrolled in regular preschools. The Salut Programme interventions in Västerbotten County are integrated within care-as-usual and are tailored for each profession and age-adapted for the child, as described in detail elsewhere. 5 22-24 All involved staff have already taken part in several learning seminars, manuals were developed to guide everyday practice and age-specific questionnaires were developed as a basis for health counselling between professionals and children/ parents on health and lifestyle. Professionals were actively involved in intervention development and small-scale testing during the first year. Then the intervention package was decided on, and another series of learning seminars was provided during the implementation period to help the participants improve their skills, adjust their interventions, and evaluate the feasibility of the Programme. 22 Previously published evaluations of the Programme have reported that practitioners significantly increased their use of a motivational interviewing approach, and collaboration between different sectors increased among other interventions. 22 23 A few examples of newly introduced interventions are given below. Before the first antenatal check-up, both the pregnant woman and her partner respond individually to a questionnaire on health and lifestyle, which guides the midwife's counselling and provides data for population health surveillance. 22 Within child healthcare, fathers are encouraged to come for an individual visit when the child is about 10 months old, giving an opportunity to strengthen their role as fathers. Expectant parents are invited to free health counselling during pregnancy at the dental care, and when the child is 12-18 months of age a dental health screening is performed within child healthcare. 22 Moreover, the Programme has contributed to a significant reduction in the serving of unhealthy food within open preschools. 23 
Study design and participants
We plan to conduct an effectiveness study and an economic evaluation study, where the Salut Programme interventions (integrated within care-as-usual) will be compared with care-as-usual over the periods of pregnancy, delivery and the child's first 2 years of life. The Salut Programme was implemented since 2006, initially only in parts of the Västerbotten County, creating the Salut area and the non-Salut area, respectively. A register-based retrospective observational study design will be used taking advantage of the already existing data sources with respect to exposures and outcomes. 25 We will simulate an experiment by retrospectively identifying and comparing children and their parents in the Salut area (intervention group) and the non-Salut area (non-intervention group), and by comparing the premeasure period (2002) (2003) (2004) ) and the postmeasure period (2006) (2007) (2008) for both groups (figure 1). We will use an intention-to-treat approach; 26 thus, the area of residence at the child's birth determines if the child and parents are classified as belonging to the intervention or comparison group, respectively.
More specifically, we defined the intervention group as those women (and their children) who during the year of the child's birth lived in the Salut area, that is, geographical areas within the Västerbotten County, where the Salut Programme was implemented since 2006. The nonintervention group, which corresponds to care-as-usual, is defined as those women (and their children) who during the year of the child's birth lived in the non-Salut area, that is, geographical areas within Västerbotten County where the Salut Programme was not implemented before 2009. All children in this study were born either during 2002-2004 or 2006-2008 . The intervention group comprises 1891 children born to 1599 mothers, and the nonintervention group comprises 12 723 children born to 10 544 mothers. The study population and samples to be used in the different statistical analysis strategies are depicted in figure 2. The number of births, in the Salut area and the non-Salut area, during the study period determined the sample sizes. No post hoc power calculation is carried out since the only available population parameter estimates (needed for such a calculation) are based on the sample at hand. 27 28 Outcomes of interest for parents and children will be observed during the premeasure period (2002) (2003) (2004) and postmeasure period (2006) (2007) (2008) for the intervention group and the non-intervention group. This allows us to use a difference-in-difference technique, by which we can compare the average change between the premeasure and postmeasure periods in the outcome of interest for the intervention group to the average change over time for the non-intervention group (figure 2). 29 As a complementary analysis strategy, we plan to focus on a subsample of longitudinal data, that is, women who gave birth in both time periods and remained living in the same type of geographical area, the Salut area or the non-Salut area, respectively (figure 2).
Outcome measures
The children in the intervention group were exposed to the Salut Programme interventions during pregnancy and up to 18 months of age that had the following specific objectives: no lifestyle-related pregnancy and childbirth complications; mothers have normal weight gain during pregnancy; children have normal weight at age 18 months; and mothers reach pre-pregnancy weight by 18 months after childbirth. We have identified in the literature the most relevant indicators of the health of the child and the mother during the period around birth 30 and until the child reaches 2 years of age that are available through the Umeå SIMSAM Lab. 31 Thereafter, we have selected three time points in each child's and its mother's life for reporting outcome measures: (1) around the child's birth-pregnancy length at delivery and any caesarean section, Apgar score (a measure of the new-born's physical condition) and weight/length immediately after the child's birth, and a child's diagnosis as either being healthy or not based on a paediatrician's examination; (2) 1 month after the child's birth-the cumulative duration of inpatient care for mother and child, respectively; and (3) 2 years after the child's birth-cumulative number of hospital visits and cumulative duration of inpatient care for mother and child, and mother's and father's cumulative social benefits for staying home from work to care for their sick child. National register sources and included variables are briefly described below and in table 1.
National registers and data access
Sweden has a long tradition of national registers with high-quality data on health and socioeconomic indicators. These registers include the Swedish individual 10-digit personal identification number (ID) that follows every resident from birth (or time of immigration) to death. Within the Umeå SIMSAM Laboratory comprehensive individual-level data for the whole country's population from 1960 to 2010 has been compiled for research purposes. 31 The data have been retrieved from several national registers and linked on an individual level by Statistics Sweden, and thereafter made anonymous. Furthermore, intergenerational links between parents and children have been created, by using the personal identification numbers. Our study uses data available within the Umeå SIMSAM Lab from five national registers, briefly described below.
The , data on outpatient visits are available, however, not for primary care. The Swedish Social Insurance Agency's STORE data warehouse contains information on each person's annual financial benefits from the social security systems, including compensation for staying home from work to care for a sick child. The registers and variables that we plan to use in the effectiveness and the economic evaluation studies are listed in table 1. All outcome variables will be used in the effectiveness study. The economic evaluation study will be limited to those outcomes that show a statistical significant difference between the intervention and non-intervention groups in the effectiveness study. In addition, some of the variables will be used to estimate the societal costs and benefits of the intervention, as indicated in table 1.
Statistical analyses
Descriptive statistics will be used to present characteristics and outcome variables for the intervention group and the non-intervention group at premeasure and postmeasure periods for both groups.
Data analyses will be divided in two steps. In the first step, we will use difference-in-difference estimation with matching. 29 32 This estimation strategy will account for observable differences in individual characteristics (by matching) and, under the assumption that the outcome follows parallel trends in the Salut areas and the non-Salut areas, for time-invariant unobservable differences between the intervention group and the nonintervention group. By parallel trends we mean that, without the implementation of the Salut Programme, the average change in the outcome between the premeasure period and postmeasure period would have been the same, in the Salut area and the non-Salut area. Assuming parallel trends does, however, allow for the average premeasure period outcome to differ between the two areas. Here, the mobility of individuals, that is, mothers moving from one type of area to another type of area, is not taken into account. However, during the study period the year-to-year mobility pattern in this part of Sweden is stable. 33 The choice of matching variables will be governed by subject-matter knowledge on potential confounders, that is, factors that might influence the decision to live or not in a Salut area, which might affect health outcomes. Mother's age and educational level at the time of child's birth will be included as matching variables due to their significant relationship with childbirth outcomes. 34 35 Depending on the type and number of matching variables, exact matching or propensity score matching will be used.
The samples that will be used are schematically presented in figure 2 In this way, we will construct three matched groups such that they reflect the covariate distribution in the intervention group at postmeasure. This is done to remove biases due to differences in the distributions of age, educational level and any other matching variable between the intervention group at postmeasure and the intervention group at premeasure, the nonintervention group at premeasure and the nonintervention group at postmeasure, respectively. We will consider matching 'with replacement' allowing each mother to be used as a match more than once. In case there are several exact matches, a weighted average of these matches will be used, and in case of no exact match a mother with the closest matching variable value will be selected as a match. Using the outcome data related to the parents and the child in the intervention group at postmeasure and the three matched groups, we will estimate the average intervention effect in the intervention group by computing the mean difference-in-differences in the outcome across the intervention group and the non-intervention group. Estimates will be presented with 95% CIs based on Abadie-Imbens SEs 36 or resampling methods.
In the next step, we will conduct a longitudinal analysis, where we will restrict our attention to the subsample of women who gave birth to at least one child in each of the time periods of interest (2002-2004 and 2006-2008) , and remained living in the same type of geographical area over the whole period (2002-2008) . The subsample of women that remained living in the Salut area belongs to the intervention subgroup, whereas the subsample of women that remained living in the non-Salut area belongs to the non-intervention subgroup. A simple matching estimator will be used to estimate the average intervention effect in the intervention subgroup compared with the non-intervention subgroup. Measures from the preintervention period (2002-2004) will be considered as baseline values, and each mother in the intervention subgroup will be matched to an observationally similar mother in the non-intervention subgroup. Matching will be done based on the following potential confounding variables, mother's age and mother's educational level. Replacement of one or several matches will be handled in the same way as in the differencein-difference analysis.
Using outcome data from the postmeasure period related to the parents and the child in the intervention subgroup and in the matched group, we will estimate the average intervention effect in the intervention group for the longitudinal subsample by computing the mean difference in the postmeasure period outcome between the intervention subgroup and the matched group. Estimates will be presented with 95% CIs based on Abadie-Imbens SEs. 36 
Economic evaluation
The economic analysis will be performed from a societal perspective, that is, we will seek to capture all societal costs and benefits as fully as possible. 37 Costs to deliver the Salut Programme will be estimated based on the Salut Programme's process management group's records concerning professionals' time to participate in educational seminars related to the Programme and their time needed to deliver the interventions, costs for materials handed out to participants, the opportunity cost for parents' time spent on the intervention, etc.
Direct costs will be derived from information on the use of other healthcare resources outside the Salut Programme such as maternal inpatient care related to delivery, and children's and mothers' inpatient and outpatient care due to illness until the child reaches 3 years of age. Maternal inpatient care related to delivery will be valued using unit cost-estimates from Diagnostic Related Group Codes available from the Swedish National Board of Health and Welfare. Children's and mother's inpatient and outpatient care due to illness will be valued using unit cost-estimates from the Cost per Patient Database from the Swedish Association of Local Authorities and Regions.
Productivity losses due to illness of mothers and children will be included in the analysis using information on mothers' inpatient and outpatient care, and parental leave taken to care for a sick child (by mothers and fathers). All costs will be calculated for the first 3 years after the child's birth. The economic evaluation will be presented as a cost-consequence analysis, 37 where all costs and significant outcomes will be listed separately, which allows policymakers to compare the incremental costs with the incremental health gains of the Salut Programme. We will explore the possibilities of conducting a long-term cost-effectiveness analysis using economic decision modelling based on the outcomes that are deemed significant and relevant to predict future cost-savings and health gains from implementing the Salut Programme on the target population.
DISCUSSION
Health problems during childhood are a concern in many parts of the world, including wealthy societies, 38 and health inequity between socioeconomic groups is increasing over time. 39 Taking a life course perspective on health and disease implies that health and economic gains will be larger the earlier in life effective health promotion actions are adopted. 40 However, to the best of our knowledge, there is no convincing scientific evidence for any universal complex intervention starting early in life to be both effective and cost-effective, but efforts to address this need are in progress by the scientific community. 41 This study protocol describes how we plan to investigate the effectiveness, costs and cost-effectiveness of the Salut Programme, integrated into routine practice, compared with care-as-usual, in the Västerbotten County Council in Sweden, during pregnancy, delivery and the child's first 2 years of life. We hypothesise that parents and children exposed to the Salut Programme will enjoy wide-ranging health gains at a reasonable cost, compared with care-as-usual. This study addresses the need for comprehensive evaluations of universal health promotion programmes integrated within ordinary public services. The results will be highly relevant for universal health promotion efforts, and increase the capacity of policy and decision-makers to assess and apply research findings in decision-making by providing them with evidence-based research.
A major strength of this study is that the effectiveness of this universal health promotion programme will be observed in a real-world setting. This allows assessing the impact of the interventions on individuals with a varied range of characteristics, thus increasing the external validity of the study results, and thereby increasing generalisability. Another strength is that the Umeå SIMSAM Lab provides a rich source of individual-level data on demography, socioeconomic indicators and health, and importantly intergenerational links allowing one to identify each child's parents, and geographical coordinates for every individual's residential area. 31 We believe that where such data are available, researchers have a duty to use it. In addition, the rich data allow for the use of statistical techniques that do not require strong assumptions regarding the data generating mechanisms.
However, there are some methodological challenges that need to be addressed. A limitation of the study is that data on individual exposure to the Salut Programme are not available. Therefore, an intention-to-treat approach will be used in the analysis, 26 which implies a risk of underestimating the intervention effect. The main reason is that the Salut Programme is not a research study but an ongoing intervention implemented by the Västerbotten County Council. Although future research was anticipated at the time (2005) (2006) , reflected in the stepwise implementation design, data on individual exposure to different elements of the Programme have not been collected, as might be expected of a research study. In addition, as is typical of universal and complex public health interventions, it is difficult (or even impossible) to secure full delivery of the intervention on an individual level. Providers make choices regarding how they integrate the Programme into routine practice, and parents make choices regarding their use of services such as whether or not to attend open preschools. While this is a limitation compared with clinical trials, integration of the Programme into routine practice has enabled the sustainability of the Programme beyond the current study period. 22 23 Another methodological challenge is that although the Salut and non-Salut areas are both within the Västerbotten County, population characteristics may differ, which carries the risk of introducing selection bias. We plan to control this in the analyses by using matching, thus accounting for potential confounders. However, we are aware of the risk for residual confounding; thus, it is unlikely that we will be able to take all confounders fully into account. Despite the rich source of existing national register data available for this study, there are data limitations that hamper the analyses, which is evident from this study protocol. We do not have access to, for example, breastfeeding duration, 2 years old's weight and height or quality of life data, or data on the full resource use by target group, such as primary healthcare visits or medication used. This may contribute to uncertainty of the results from the economic evaluation.
Universal complex interventions implemented in reallife settings such as the Salut Programme are scarce and pose large challenges with respect to implementation, dissemination and evaluation. 42 Observational studies offer a credible solution to fill in the gaps left by randomised controlled trials that often have financial, ethical and time constraints. This study will apply novel methods to the evaluation of public health interventions, including cost-effectiveness analyses, and thereby provide information that can guide decision-makers to allocate resources optimally.
